Summary
Summary

22
Salinity reduces the grain yield of cereal crops. In this study, non-destructive and destructive 23 phenotyping was used to evaluate 24 predominately Australian barley lines at 0, 150 and 250 24 mM NaCl. Lines with higher salinity tolerance were better able to maintain their growth rates 25 shortly after salt treatment and exclude Na + from their shoots. This study shows that variation 26 in shoot tolerance mechanisms not related to ion toxicity exists in barley and suggests that 27 breeding new varieties with increased shoot ion independent tolerance is possible.
28
Abstract
29
Soil salinity can severely reduce crop growth and yield. Many studies have investigated salinity 30 tolerance mechanisms in cereals using phenotypes that are relatively easy to measure. The 31 majority of these studies measured the accumulation of shoot Na + and the effect this has on 32 plant growth. However, plant growth is reduced immediately after exposure to NaCl, before 33 Na + accumulates to toxic concentrations in the shoot. In this study, non-destructive and 34 destructive measurements are used to evaluate the responses of 24 predominately Australian 35 barley lines at 0, 150 and 250 mM NaCl. Considerable variation for shoot tolerance 36 mechanisms not related to ion toxicity (shoot ion independent tolerance) was found, with some 37 lines being able to maintain substantial growth rates under salt stress while others stop growing. by the number of total pixels that made up the image of the plant. 
Salinity tolerance in barley is a combination of many traits
331
When barley lines were ranked on their salinity tolerance at 250 mM NaCl ( the barley lines with the highest salt tolerance are also those with the highest shoot ion 334 independent tolerance, the lowest leaf Na + accumulation, the highest K + /Na + ratios and the 335 highest leaf health (Table 1) . Consistently, those lines with the lowest salt tolerance also had 336 the lowest shoot ion independent tolerance, highest leaf Na + accumulation, were unable to 337 maintain leaf K + /Na + ratios and had the lowest leaf health (or greenness) (Table 1 ). When 338 ranked by salt tolerance, shoot ion independent tolerance or Na + exclusion, malting barley 339 cultivars tended to have the poorest tolerance, while feed barley had moderate tolerance (Table   340 1; Supplementary Figure 1) . Diverse genotypes had the best salt tolerance, with two exceptions 341 being the malting barley Skiff and the feed barley Fathom which also had high salt tolerance.
342
At 150 mM NaCl, plants which had good shoot ion independent tolerance and Na + exclusion 343 tended to also have the greatest salinity tolerance, however, this was not as apparent as the 344 pattern observed at 250 mM NaCl. Of the 24 barley lines in this study, it was those with both shoot ion dependent and shoot ion 431 independent tolerance that were the most salt tolerant (Table 1) . There was no evidence that a 432 single tolerance mechanism dramatically improved salinity tolerance alone, similar to 
Introduction of wild barley tolerance mechanisms into commercial varieties is possible
439
The barley lines with the highest overall salinity tolerance were generally wilder accessions 440 ( between shoot ion independent tolerance and overall plant salinity tolerance at (c) 150 mM and (d) 250 731 mM NaCl. The shoot ion independent tolerance is expressed as a ratio of relative shoot growth rates at 732 either 150 mM or 250 mM NaCl ÷ 0 mM NaCl over the first 5 days of salt stress. Salt tolerance was 733 determined by projected shoot area salt ÷ projected shoot area control 17 days after treatment with 250 734 mM NaCl. Differences in tolerance was seen between lines at both treatment levels (n = 5-8, *Gairdner 735 n=1 at 250 mM as all other plants died, results are the mean ± s.e.m. 
